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A VLBI survey at 2.29 GHz has been conducted using a 275-km baseline consisting of
the NASA DSN tracking site in Tidbinbilla, Australia, and the 64-m antenna located at
Parkes, Australia. The purpose of this survey was to identify sources in the southern sky
possessing strong compact cores (< 0.1 arcseconds). Such sources will be used to form a
reference frame for conducting VLBI geodesy experiments in the southern hemisphere.
The 70 candidate sources were chosen to be south of -39 degrees declination, and only
four had been previously observed from the northern hemisphere. Of the observed
sources, 49 were- found to have compact structure. In addition to determining correlated
flux densities, the delay and delay rate observables of several detected sources were used
to determine an estimate of the three-dimensional location of the Parkes antenna relative
to the Tidbinbilla site with a 1-sigma accuracy of < 10 meters, '

I. Introduction

Prior to April 1980, there had been very few sources ob-
served with VLBI in the southern polar region due to the
dearth of antennas in the southern hemisphere with built-in
VLBI capabilities. From 24-28 April 1980 a VLBI experiment
at 2.29 GHz was performed between the NASA DSN site at
Tidbinbilla, Australia, and the 64-m antenna at Parkes, Austra-
lia, for the purpose of identifying sources possessing compact
components and hence useful for southern hemisphere VLBI
geodesy experiments. This paper discusses the results of that
survey.

The candidate sources were selected from the Parkes survey
(Refs. 1-10). The selection criteria were (1) catalog total flux
density > 1.0 Jy at 2.7 GHz, (2) spectral index >-0.7 (S=kf%),

and (3) declination south of -39 degrees. Of 95 sources meet-
ing these criteria, 70 sources were observed. Of these sources,
49 were found to have a compact core on the Tidbinbilla to
Parkes baseline (~0.1 arcsec fringe spacing). Selected sources
from these 49 new VLBI detections combined with sources
previously detected by VLBI (mostly with declinations north
of -39 degrees) (Ref. 11), and sources detected in future VLBI
surveys will be used to construct a celestial reference frame for
performing southern hemisphere VLBI geodesy experiments.
The advent of southern hemisphere VLBI will be of great value
to both the geodynamic and astrophysics communities. The
seismically quiet Australian continent will serve as a stable
platform for testing long-term reliability and repeatability of
VLBI-determined geodetic relative positions, and as a base for
using VLBI to measure the crustal motions of the very seismi-
cally active regions near Australia.
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Il. Experiment Configuration

Right circular polarization was employed. The NRAO
Mark II VLBI recording system was used to record a 1.8-MHz
data bandwidth by digitally sampling at 4 Mbs (Ref. 12). Digi-
tal sampling and phase stability of the receiver chain were con-
trolled by a rubidium atomic oscillator at Parkes and a hydro-
gen maser at Tidbinbilla. Each source was observed for three
minutes, The Tidbinbilla/Parkes interferometer has a length of
275 km, corresponding to a minimum fringe spacing of
98 milliarcsec at 2.29 GHz.

Total flux densities for most of the sources were measured
during the experiment with the 64.m antennas at Parkes and
Tidbinbilla. The rms errors were {(Q.05 5)2 + (0.03)2]0-5 Jy
for Tidbinbilla and [(0.18)2 + (0.03)2]9:5 Jy for Parkes,
where S is the measured total flux density.

ill. Data Reduction

Matching tapes from both sites were cross-correlated using
the Caltech/JPL VLBI Block 0 Processor (Mark II). Computer
manipulation of the correlator output yielded the correlation
coefficient for each observation. The tapes were correlated
over a range of relative tape delay and delay rate offsets to
compensate for a priori source position uncertainties. The sky
was searched within 2 arcmin of all a priori source positions.

The correlation coefficients were then converted into corre-
lated flux densities or the VLBI source strength for each celes-
tial radio source observation using the procedure discussed in a
previous paper (Ref, 13) with a scaling constant of 2.5 £0.1 Jy.
The 5-sigma detection limit for each observation was about
0.1 Jy. Correspondingly, the uncertainty in detected source
strength due to random noise was about 0.02 Jy. However, in
practice, systematic errors at about the 7% level dominate the
random contributions for most sources.

The delay and delay rate observables of 31 detected sources
were used to solve for the DSS 42 to Parkes baseline, Most of
the source positions used in this solution were determined
from VLBI experiments between Australia and South Africa
performed during the same week (Ref. 14). The rest of the
positions were obtained from Fanselow et al. (Ref. 15). The
delays were bit stream alignment delays yielding post-fit resid-
uals of about 10 ns. Post-fit residuals in delay rates were about
0.5 mHz.
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IV. Results and Discussion

Table 1 lists the total flux densities, the correlated flux den-
sities, and the number of observations for each source. For
cases where multiple observations of correlated flux density
differ by more than 1 sigma (probably due to source structure
effects), both the lowest value (denoted by L) and the highest
value (denoted by H) are listed in the table, Undetected
sources are denoted by 5-sigma upper bound.

Figure 1 shows a sky distribution plot of the detected
sources. This plot along with the results given in Table 1 can
serve as a useful tool in creating an optimum observing sched-
ule for conducting VLBI geodesy experiments. Figure 2 shows
a correlated flux density histogram of the detected sources.
Note that there are 10 sources with mean flux densities greater
than or equal to 2 Jy.

The baseline vector from DSS 42 to Parkes was determined
as a by-product of this survey. By assuming the previously de-
termined position of DSS 42 (Ref. 16), the new position of
the Parkes antenna intersection of axes is

X = -4554229m
Y = 2816762m
Z = -3454050 m

where X is the vector component aligned along the Greenwich
meridian on the equatorial plane, Y is the vector component
aligned 90 degrees east of Greenwich on the equatorial plane,
and Z is the vector component aligned along the earth’s spin
axis defined positive north, The 1-sigma accuracy of the base-
line measurements is < 10 meters in each coordinate.

This result agrees with a recent ground survey (Ref. 17),
but differs from the position published in the 1981 American
Ephemeris by -140m in X, 46 m in Y, and 133 m in Z. This
solution is a fourteenfold improvement over the previously
known Parkes antenna position.

V. Conclusion

A 2.29-GHz VLBI survey of 70 southern polar sources on a
275-km baseline found 49 of these sources to have compact
cores. These sources will be useful for future VLBI geodesy ex-
periments in the southern hemisphere. As a by-product of this
survey, the position of the Parkes antenna was determined
with a 1-sigma accuracy of < 10 meters.
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Fig. 2. Correlated flux density histogram
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